Background: Consistency of medical decision making (equity) is an important component of quality of care. When patients with chronic obstructive pulmonary disease (COPD) present with an exacerbation needing respiratory support they may die if it is not provided. However, if the disease has reached its terminal stage, ventilation will prolong the process of dying. The ventilation outcome is uncertain and there is evidence of variability when this decision is made, the sources of which are not well understood. Objectives: To identify sources of variability and propose ways of tackling them in order to promote equity in this type of medical decision. Methods: Six case histories were selected from hospital records of COPD patients. Fourteen senior doctors from seven hospitals in the West Midlands participated. A process tracing approach was used which consisted of (1) withholding case information until specifically requested by the doctors, (2) estimating survival during the decision making process, and (3) concurrent questioning regarding information interpretation and its impact on survival estimates and decisions. Results: The observed decision variability was attributed to doctors attaching importance to different information, gathering different information, and interpreting information differently. There were significant differences between doctors in the amount of information requested. Conclusions: Differences in information gathering and interpretation by clinicians can result in different decisions being made about the same patient. This variation may exist for other uncertain medical decisions and may be tackled by providing clinicians with prognostic models in the form of usable decision aids.
Background: Consistency of medical decision making (equity) is an important component of quality of care. When patients with chronic obstructive pulmonary disease (COPD) present with an exacerbation needing respiratory support they may die if it is not provided. However, if the disease has reached its terminal stage, ventilation will prolong the process of dying. The ventilation outcome is uncertain and there is evidence of variability when this decision is made, the sources of which are not well understood. Objectives: To identify sources of variability and propose ways of tackling them in order to promote equity in this type of medical decision. Methods: Six case histories were selected from hospital records of COPD patients. Fourteen senior doctors from seven hospitals in the West Midlands participated. A process tracing approach was used which consisted of (1) withholding case information until specifically requested by the doctors, (2) estimating survival during the decision making process, and (3) concurrent questioning regarding information interpretation and its impact on survival estimates and decisions. Results: The observed decision variability was attributed to doctors attaching importance to different information, gathering different information, and interpreting information differently. There were significant differences between doctors in the amount of information requested. Conclusions: Differences in information gathering and interpretation by clinicians can result in different decisions being made about the same patient. This variation may exist for other uncertain medical decisions and may be tackled by providing clinicians with prognostic models in the form of usable decision aids. F our principal factors have been identified as determinants of the observed variation in healthcare practice: patient, clinician, institution, and environment. 1 Keeping all other factors constant, the knowledge that different doctors will make the same decision about the same patient under identical conditions is reassuring. If, however, the decision varies according to who makes it, then it is reasonable to question whether the principles of equity and quality of care are being upheld. It is also imperative to look into the causes of such variation.
Chronic obstructive pulmonary disease (COPD) is a progressive and irreversible respiratory disease with death rates similar to that of lung cancer. 2 Disease progression is often characterised by a series of exacerbations which may require ventilatory support. If such support is not provided, the patient may die from respiratory failure. Patients with COPD account for about 2.5% of critical care admissions in the UK. 3 Admission to the intensive care unit (ICU) and mechanical ventilation can return some COPD patients to their pre-existing level of functioning. If, however, the terminal phase of the disease has been reached, ventilation will be futile and will prolong the process of dying. Furthermore, mechanical ventilation is not without disadvantages and risks. 4 Clinicians therefore need to assess if the patient is likely to receive ''sustained benefit in terms of quality and length of life'' from ICU admission. 5 Outcome prediction is difficult before ventilation is started 6 and the accuracy of clinicians in outcome prediction has been questioned. [7] [8] [9] A study by Pearlman and colleagues 10 11 of decision making in this area, using one vignette of an elderly debilitated patient with COPD in extremis, found that survival estimates ranged from 1 month to 5 years and were highly correlated with treatment decisions. When the 205 US doctors who participated in the study were asked to explain their decision, non-intubators most frequently referred to the patient's poor quality of life and the terminal stage of the disease while intubators most frequently talked about the clinical situation being reversible. Since explanations and survival estimates were given after the decision had been made, we cannot assume that they were more than justifications. Questions therefore remain as to the source of the observed differences.
ICUs will admit patients with clearly reversible disease but not terminally ill patients. For the rest of the patients with progressive diseases such as COPD, the uncertainty regarding their prognosis could lead to a low level of agreement. Agreement between judges has been identified as a necessary condition for expertise, 12 but the more uncertain and unstructured the judgment task, the lower the level of agreement. 13 We do not know how clinicians deal with uncertainty in this type of decision and the origins of the variability.
This study aimed to identify sources of variability in the decision to ventilate or not a known patient with COPD in acute respiratory failure. The study concentrated on clinician cognition by tracing the reasoning processes of experienced clinicians while they were making their decision.
As in the study by Pearlman et al, 10 11 ''paper patients'' were used but case information was presented gradually upon request rather than all at once. Survival estimates and information interpretations were made during the reasoning process rather than at the end to avoid post-decision rationalisations.
METHODS

Participants
Participants were selected purposively. We aimed to include only doctors who regularly make ICU ''gatekeeping'' decisions for COPD patients-that is, respiratory and intensive care doctors. We wanted doctors at the highest level of training in the specialty (consultant grade), assuming that they would have acquired through experience optimal strategies for making the decision. Finally, we aimed to select consultants with a wide range of experience (number of years) in that grade. Using these criteria, the head of the Heart of England Critical Care Network identified 20 consultants from hospitals in the West Midlands who were invited to participate. Six were unable to agree to take part, leaving 14 consultants (seven in respiratory medicine and seven in anaesthesia and intensive care) from seven hospitals to participate in the study. Experience in the current grade ranged from 3 to 21 years for respiratory consultants and from 3 to 22 years for intensive care consultants.
Materials
Six case histories were selected from hospital records of COPD patients who had been considered for admission at a local ICU. The participants were not informed of the actual decision and outcome of each case. The criterion for case selection was the completeness of the hospital record. Moreover, cases were selected to represent a wide range of disease severity.
Descriptions of exercise tolerance were standardised by combining the functional score categories of Menzies et al 14 (independent, restricted, housebound, bedbound) with the index of Independence in the Activities of Daily Living. 15 This is a scale that reflects dependencies in the ability to care for oneself (bathing, dressing, toileting, continence, transfer in and out of bed/chair, walking and eating) and is appropriate for people with severe functional limitations. All patients could perform self-care except for case 5 who needed help with washing. There were three ''restricted'' patients (able to live on his/her own and get out of the house to do basic necessities but severely limited in exercise ability; stops for breath after walking about 100 yards or after a few minutes on the level) and three ''housebound'' patients (cannot get out of house unassisted or gets out only rarely; unable to do heavy chores such as house cleaning; cannot live alone; has to stop frequently on the stairs).
Procedure
Ethical approval was obtained from the West Birmingham local research ethics committee. The doctors were visited individually by one of the investigators (OK) between February and April 2002 at their workplace and the aims of the study and the procedure were explained. Participants were given a written scenario introducing all six cases in the same way:
A known COPD patient had been admitted to hospital with an exacerbation, had received conventional therapy, but was not responding and was currently very unwell and highly likely to arrest if not intubated and ventilated. Due to hospital commitments, they could not go to see the patient but the Senior House Officer had all the relevant information and investigations for making the decision. This is all that the participants were initially told about each patient. They could then ask the investigator for further information from a list (box 1) which was available to them. Each time a new item of information was revealed, participants were asked to record it at the top of an answer sheet and subsequently to (1) estimate probabilities for ICU survival, hospital survival and 6 month survival following discharge from hospital (on 100 mm visual analogue scales), (2) assess quality of life at 6 months following ventilation and discharge on a 5 point scale ranging from ''poor'' to ''excellent'', and (3) make a preliminary decision regarding admission (yes/no/cannot decide yet). Participants recorded each new item of information requested at the top of a new answer sheet and then answered these three questions again. This procedure continued until participants felt that more information would not change their decision. In this way, a record was kept of what information was requested, in what sequence, and at what point estimates or decisions were updated or finalised. To ensure comparability between doctors they were all presented with the same six cases in the same order.
Process tracing
Withholding all case information initially and revealing it sequentially upon request enabled us to follow the decision making process over time step by step. The ''withheld information'' technique 16 reveals the partially covert process of data gathering. The method has been used for training 17 and knowledge capture 18 of process control operators and is similar to process tracing techniques such as ''active information search'' (AIS) 19 and ''conversational AIS'' 20 used for studying aspects of non-expert decision making. They involve participants asking the investigator questions in order to obtain information to reach a decision.
However, making the data gathering process overt provides little insight into data interpretation and impact on decisions. 20 ''Think aloud'' has therefore been used to complement process tracing. 20 This requires that participants are first trained on unrelated problems 21 so the overall time of involvement increases. This could have made recruitment difficult, so an alternative approach was used to gain insight into information interpretation: participants were asked to comment on the information that they had just gathered (''What did this last information tell you?'' or ''Why did you just increase/reduce survival estimates?'') or were about to gather (''Why do you need this information?''). When people report on the immediately previous cognitive process, considerable episodic memory can be retrieved, helped by information still held in short term memory. 21 Moreover, when people are asked to report rules, concepts and hypotheses immediately before or after performance before any feedback is provided, N Self-rated quality of life N Sex N Smoking N Social history N Urea and electrolytes these are consistent with performance. 21 Participants' verbalisations were therefore taken to reflect their actual reasoning process. All concurrent commentary was recorded and transcribed. The whole process lasted an average of 1 hour. Three participants did not attempt case 6 due to lack of time.
Analysis of data
Estimating differences between doctors, specialities, cases, and decisions x 2 tests were used to compare decision differences between speciality groups (respiratory and intensive care doctors) and between cases, Mann-Whitney tests were used to analyse differences in survival estimates and in the amount of information requested between yes/no decisions and between speciality groups, and the Kruskall-Wallis test was used for differences between doctors.
Identifying decision predictors
Stepwise multiple regression analysis was carried out to identify possible combinations of factors that were predictive of the final decision. Variables entered into the modelling process were final survival estimates, estimated quality of life at 6 months, age, and exercise tolerance. Age and exercise tolerance were chosen because most participants in most cases requested them. Three age groups were defined: ,70, 70-80, and 80+. SPSS 11.0 was used for the analyses.
Mapping out the reasoning process
Qualitative data can be arranged in time ordered matrices to track processes over time. 22 This is especially suited to process tracing data which shows how reasoning unfolds leading to a decision. The data went through cycles of reduction, organisation, inference and verification, as described below.
Three types of critical activity were extracted from the answer sheets and the transcripts: (1) information gathering, (2) survival estimates and decisions, and (3) comments, either prompted or spontaneous. The activities of each clinician on each case were arranged in tables in chronological order; an example is shown in fig 1. From each of these time ordered tables the reasons for the decision were inferred in an iterative process by going back to the transcripts. Requesting an item of information did not necessarily mean that it was used by the clinician, so only information that was commented upon or led to immediate changes in survival estimates or an immediate decision was considered influential. The correspondence between comments and estimates served as a means of verifying inferences. Where inconsistencies were observed, no inferences were drawn.
The reasons for decisions were aggregated in admission and non-admission tables for each case-for example, case 4 in tables 1 and 2. Comparisons were made within and between admission and non-admission tables for each case, looking for similarities and differences in reasons.
RESULTS
Differences between doctors, specialities, cases, and decisions The final decision of each participant on each of the six cases is shown in table 3.
There was a significant association between cases and decisions (x 2 = 27, df = 5, p,0.001) with case 1 being consistently admitted and case 5 being consistently refused admission. Decisions on cases 2, 3 and 4 varied: case 2 was refused admission by four participants (29%), case 3 by six participants (43%), and case 4 by six participants (43%). There was no significant association between specialities and decisions (p = 0.75).
Doctors differed significantly in the amount of information requested (x 2 = 52, df = 13, p,0.001) with averages ranging from 1.8 items (Resp1) to 13.3 items (ICU2). No significant differences were found between admission/non-admission decisions (p = 0.80), specialities (p = 0.30), and cases (p = 0.94). Survival estimates for ICU, hospital, and at 6 months were significantly higher for admission than non-admission decisions (all p,0.001).
Decision predictors
The final model included only 6 month survival as a significant predictor: the odds of admitting a patient were increased by 9% for every 1% increase in estimated 6 month survival (95% CI 1.05 to 1.11).
Mapping out the reasoning process Figure 1 shows the decision making process of participant Resp4 on case 4 and illustrates how the process was mapped out and the types of inferences drawn. The items of information requested are numbered in the sequence requested. Comments, survival estimates, and decisions are presented at the points at which they were made in the process.
Early on, Resp4 formulated two hypotheses regarding the cause of the current exacerbation: ''… may be infection, may be another co-morbid condition'' (comment 2). Support for one of the hypotheses was subsequently found: ''… most likely he has COPD compounded by severe congestive heart failure'' (comment 3). No attempt was made to check the infection hypothesis. Frequent hospital admissions were taken as evidence of severity of the combination of congestive heart failure (CHF) and COPD (comment 3). The blood gases confirmed this and led to the decision (comments 4 and 5). We cannot know how age and history of presenting complaint were used as they were not commented upon and did not lead individually to changes in estimates. Exercise tolerance, initially assessed as ''good'' (comments 1 and 2), appeared to become less important as more information was collected.
Sources of decision variation
Three sources of decision variation were identified: N participants attached importance to different information about a case; N participants requested different information about a case; N participants interpreted the same information about a case differently.
Case 4 (see Appendix) will be used as an example.
Attaching importance to different information
Six participants refused admission to case 4 (table 1). They tended to concentrate on COPD severity, suggested by the frequent hospital admissions and the blood gases. The presence of CHF was considered a compounding factor by most.
Eight participants admitted case 4 (table 2). Seven did so mainly on the basis of exercise tolerance:
''Exercise tolerance is really the best way of finding out how bad his COPD and the CHF are.'' (ICU6) ''Someone who's got lots of bad things going, but mobilises relatively well.'' (Resp3) This clustering of reasons for admission and reasons for non-admission was also observed in the other cases in which there was decision variation (cases 2 and 3). Decisions to admit case 2 were mainly based on perceived reversibility (suggested by blood gases and signs of pneumonia) and co-morbidities perceived as insignificant. Non-admission decisions were based on exercise tolerance (housebound). Case 3 was admitted due to a combination of insignificant comorbidities, lack of recent admissions, and ability to perform 4. Co-morbidities: Known congestive heart failure.
Age: 72
Resp4: That means he could get some shopping.
Resp4: Just on the basis of these, I think this is someone who has got a good exercise tolerance with not the greatest ability. Increasing breathlesness over the last 4 weeks with rapid deterioration over this, may be infection, may be another co-morbid condition.
Decision
QoL 6 months hospital ICU Not yet Very good 80 80 70
COMMENT 1 (UNPROMPTED)
Resp4: I think the only change would be to drop his probability of being alive 6 months later and I would not admit to ICU.
COMMENT 4 (UNPROMPTED)
OK: Why did you decide not to admit?
Resp4: The blood gases tell me that this chap has chronic respiratory failure with very high bicarbonate suggesting fairly severe COPD compounded by congestive heart failure. So probably he is not going to benefit from ICU admission.
COMMENT 5 (PROMPTED) COMMENT 2 (UNPROMPTED)
Resp4: He is known to have congestive heart failure, 3 admissions with breathlessness over the last 6 months, so been in hospital very frequently, most likely he has COPD compounded by severe congestive heart failure. Little benefit from ICU. I am between not to decide as yet or not to admit to ICU, let me see... 
Requesting different information
Some variation may have resulted from participants requesting different information about a case. Five of those who admitted case 4 did not ask for blood gases which were influential in the decisions made by those who refused admission. However, they were aware of both the frequent admissions and the CHF, which suggests that they considered exercise tolerance more important. Similarly, all but one of the participants who did not admit the patient was aware of the exercise tolerance, which suggests that they considered other factors more important.
In case 2 the information that was influential for those who admitted the patient (blood gases, co-morbidities, and signs of pneumonia) was known by two non-admitters, whilst one was aware only of the blood gases and another was aware only of the co-morbidities. All the participants who admitted the patient were aware of the exercise tolerance (reason for the decision by non-admitters). In case 3, four of the six who did not admit the patient were aware of either the co-morbidities or the lack of admissions (reasons for the decision by the admitters). All the admitters were aware that the patient was old, housebound, and on home oxygen (reasons for non-admitters' decision).
Interpreting the same information differently
Differences were observed in the meaning attached to certain information such as co-morbidities and signs of pneumonia. Co-morbidities were considered insignificant by some respondents and reasons for refusing admission by others. For example, the past medical history of case 3 (Appendix) was seen negatively by some (ICU2: ''Outcome will be poor. He has already got 3 or 4 organs that are impaired'') and considered unimportant by others (Resp6: ''None of what you've told me is an adverse prognostic factor. Carcinoma in '94 with no secondaries is cured, Paget's and glaucoma are irrelevant, it's ages since he had his infarct'').
As the reason for the current exacerbation, pneumonia was considered a good prognostic factor by most: ''She has got a reversible condition, a chest infection, and I think she should be given a chance'' (Resp4, case 2). Two participants considered pneumonia a bad prognostic factor: ''Pneumonia on chest x-ray would make the prognosis worse. It would make it acutely worse'' (Resp1, case 2).
DISCUSSION
The study identified three sources of variation in the decision whether or not to admit to the ICU and to ventilate a patient with COPD in acute respiratory failure. Importance might be attached to different criteria, resulting in a patient being admitted by a doctor on the basis of, for example, exercise tolerance and being refused admission by another doctor on the basis of, for example, co-existing heart disease, even though both doctors are aware of both criteria. Differences in the weighting of information have also been found in judgement analysis studies. 23 The second source of variation indicates disagreement as to what information is relevant. Different information may be requested by different doctors and critical information may be omitted. In the absence of agreed guidelines about what information to collect, a plausible ''story'' presented to the decision maker and framed according to a colleague's expectations about clinical outcome 24 may obscure omissions of critical information and appear more reliable and diagnostic than it is. 25 A recent NICE guideline on the management of COPD exacerbations recommends seven items of information to be taken into account when assessing patient suitability for intubation and ventilation. 26 This could in theory reduce the second source of variation. However, integrating several items of information (a ''compensatory strategy'' in decision psychology 27 ) without some external aid is highly unlikely to be successful. 28 The final source of variation refers to differences in the interpretation of the same information. Some doctors may consider a specific co-morbidity to be a significant complicating factor while, for others, it may not affect prognosis. The presence of pneumonia may operate as ''a ticket to the ICU'' or compromise prognosis.
The importance, relevance, and meaning of clinical information are likely to be informed by experience. Doctors who make ICU admission decisions receive feedback only about the patients who were admitted. This limited feedback may affect future decisions by informing decision rules held in long term memory 25 and can lead to idiosyncratic beliefs about how patient characteristics relate to clinical outcomes. 29 This is compounded by confirmation bias which focuses attention on those patients who were admitted and discharged successfully rather than on those who were admitted and died in the ICU, 30 thereby confirming that the decision rule was correct. Moreover, with hindsight, people tend to remember information consistent with the final outcome while de-emphasising contradictory or ambiguous information. 31 Knowing that a patient who was admitted to the ICU died or survived to discharge focuses attention on clinical features consistent with that outcome while other important features may be forgotten.
Study limitations
The study design precluded large numbers of cases and participants. Statistical results therefore need to be interpreted with caution. There were significant differences between doctors in the amount of information requested, with some doctors consistently requesting little information and others engaging in almost exhaustive research. This suggests a strong influence of individual strategies. However, we do not know to what extent these reflect real life behaviour or differing perceptions of task demands. Even though the patients were ''highly likely to arrest if not intubated and ventilated'', different doctors may have perceived urgency differently. Under real time pressures, people use simple heuristics that need less information and do not integrate information. 27 The ability of vignette studies to capture real life decisions has come into question 32 but evidence is conflicting. 33 Another reason why some doctors engaged in search intensive strategies is that they may have felt ''accountable'' to the investigator and requested more information than they would otherwise have done. 34 Finally, inferring reasoning processes from verbal data has its limitations. 35 Information that was influential for the participants, but was neither commented upon nor led to immediate changes in estimates, might have been missed.
Reducing variation in decisions
To improve equity, all three potential sources of variation need to be acknowledged and addressed: the clinical information relevant to the decision needs to be identified, interpreted correctly, and assessed for relative importance. Prognostic models use patient characteristics identified in prospective cohort studies to be associated with outcome, and combine the independent probabilities of survival associated with these characteristics to produce an overall survival estimate. However, prognostic models are difficult to apply in clinical practice without decision support due to limitations in human memory and information processing capacity, 36 and also time pressures. Decision aids should be well integrated into the workflow and easy to apply so that clinicians can quickly assess individual patients.
The study suggests that cognitive factors-possibly due to individual clinicians' knowledge, experience and reasoning habits-are responsible for some of the variation in the decision even when patient, institution, and environment factors are kept constant. This type of variation is likely to be encountered in other uncertain medical decisions where no prognostic models exist or are difficult to use. Making the sources of variation explicit and known to clinicians might encourage them to acknowledge uncertainty and question their practice. 
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